
















































































Comparative Clinical Study

e A comparative clinical study for a biosimilar
development program should be designed to investigate
whether there are clinically meaningful differences in
safety and efficacy between the proposed product and
the reference product.

* Population, endpoint, sample size and study duration
should be adequately sensitive to detect differences,
should they exist.

e Typically, an equivalence design would be used, but
other designs may be justified depending on product-
specific and program-specific considerations.

* Assessment of safety and immunogenicity
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Proposed Indications

Same as US-licensed Epogen/Procrit:

. . . Year of FDA
US-Epogen/Procrit Indications Approval
1. For the treatment of anemia due to chronic kidney disease (CKD),

including patients on dialysis and not on dialysis to decrease the need 1989
for red blood cell (RBC) transfusion
2. For the treatment of anemia due to zidovudine administered at
<4200 mg/week in HIV-infected patients with endogenous serum 1991
erythropoietin levels of £ 500 mUnits/mL
3. For the treatment of anemia in patients with non-myeloid
malignancies where anemia is due to the effect of concomitant
: . : 1993
myelosuppressive chemotherapy, and upon initiation, there is a
minimum of two additional months of planned chemotherapy
4. To reduce the need for allogeneic RBC transfusions among patients
with perioperative hemoglobin > 10 to < 13 g/dL who are at high risk 1996

for perioperative blood loss from elective, noncardiac, nonvascular
surgery




Key Topics to Consider

Topic 1: highly similar notwithstanding minor
differences in clinically inactive components
based on evidence from analytical studies

e Use of multiple orthogonal physicochemical and
functional methods

— Primary-, secondary-, and tertiary structure
— Post-translational modification

— Biological activity

— Stability profiles




Key Topics to Consider

Topic 2: no clinically meaningful differences in
terms of safety, purity, and potency

e Comparative clinical studies in healthy subjects and
patients with chronic kidney disease

— Pharmacokinetics/Pharmacodynamics
— Efficacy

— Safety

— Immunogenicity




























Studies Reviewed

Analytical Similarity Pharmacokinetic/

* Physicochemical Pharmacodynamic Similarity

characterization e EPOE-12-02
e Functional activity e EPOE-14-01%*
Additional Clinical Studies

Animal Studies e EPOE-10-13*

e 70882 e EPOE-10-01*

* 60486

* Studies reviewed to support
clinical immunogenicity assessment

All studies used US-licensed Epogen/Procrit as comparator



Quality Attributes Evaluated

Primary structure

* Amino acid sequence

e Disulfide bonds

e Sites of post-translational
modification

* Free thiols

e Molecular weight

Higher order structure

e Secondary structure

e Tertiary structure

e Whole protein Molecular
weight

Biological activity

* Invivo activity

e Specific in vivo activity
* Invitro activity

e Specific in vitro activity,
e Receptor binding

Glycosylation

* N-glycan site occupancy

* N-glycan antennarity

e Lactosamine repeats

e N-and O-acetylation

e N-glycan fucosylation

e Sialic acid (total,
distribution, types)

e O-site occupancy and O-
glycan profile

* Monosaccharide comp.

e o-Gal-1,3-Gal

e Isoform distribution

Drug product attributes
e Epo content

e Sub-visible particles

e Container volume

e Total activity per vial

Product related species

e Oxidation (Met, Trp)

e Deamidation (Asn, Glu)

e Asp isomerization

e Trisulfide species

e Disulfide scrambling

e Dimers and high-
molecular weight species
(HMWS)

* Inactive protein variants

Stability

e Degradation profiles
under accelerated and
Stress conditions

e Multiple orthogonal methods were used for most attributes
e Removal of human serum albumin (HSA) in US-Epogen/Procrit needed for

several methods



Product Lots Used and Data Analysis

Number Attribute Statistical tools
of lots Assessment

“Epoetin Hospira” Tier 1 Equivalence testing

drug product Tier 2 Quality ranges

“Epoetin Hospira” 9 _ _ _
Tier 3 Graphical comparison

drug substance

US-Epogen/Procrit 54

e Lots used in clinical studies and proposed commercial
process were included in analytical similarity assessment

e Applicant’s comparative analysis was supported by
statistical analysis.

 FDA’s analysis also included independent statistical analysis



FDA

Analytical Similarity Summary

Supports a Supports a
Quality Attribute Demonstration of Quality Attribute Demonstration
Highly Similar of Highly Similar
. Yes-same amino Dimers & High Molecular
Primary structure ) . . Yes
acid sequence Weight Species
Secondary & Tertiary Yes Oxidized species Yes
structure _ _
Deamidated species Yes
Overall Glycosylation Yes (#) _ .
Asp isomerization Yes
PIEIEIT @il U Disulfide scrambling Yes
In vivo activity Yes Trisulfide species Yes (#)
In vitro activity Yes Sub-visible particles Yes
Receptor binding Yes Stability profiles Yes

# Differences in the levels of some glycosylation species and Cys29-Cys33
trisulfide species did not preclude a demonstration that “Epoetin Hospira” is
highly similar to US-Epogen/Procrit 9


















Addressing Cys29-Cys33 Trisulfide
Differences

“Epoetin Hospira” contains 4.5% more Cys29-Cys33 trisulfide
than US-Epogen/Procrit

Species form by insertion of an extra sulfur atom into the Cys29-
Cys33 EPO disulfide bond

This difference is not expected to have clinical impact:

o >10% Cys29-Cys33 trisulfide content did not result in
differences in either in vivo or in vitro specific activity in an
earlier version of “Epoetin Hospira”

o Literature indicates that trisulfide species can convert to
disulfide species in vivo
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CMC Conclusions

The totality of the analytical similarity data
supports a conclusion that “Epoetin Hospira” is
highly similar to US-licensed Epogen/Procrit
notwithstanding minor differences in clinically
Inactive components.
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U.S. Food and Drug Administration
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Overview

Comparative animal studies may support the similarity of a proposed
product to a reference product.

— FDA Guidance for Industry: Scientific Considerations in Demonstrating
Biosimilarity to a Reference Product

Animal studies will be discussed for completeness. However, these
studies were not designed to support a demonstration of biosimilarity.

Comparative animal studies submitted for “Epoetin Hospira” and US-
Epogen/Procrit:

— Study 70882: 13-week subcutaneous (SC) repeat dose
toxicology/pharmacokinetic (PK) in rats

— Study 60486: 13-week intravenous (V) repeat dose toxicology/PK in dogs

The rat and dog are appropriate species based on the mechanism of
action of EPO; however, immunogenicity is associated with long-term
repeat SC dosing of human EPO in rats.
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Conclusions from Animal Studies

FDA

Endpoints
Study Title Test Article Doses
(IU/kg 3x/week) PD PK TOXiCity**
Study 70882: “Epoetin “Epoetin Hospira” 150, 450, 1500/900
Hospira™: A 13-Week | PD | Exposure, No difference
Subcutaneous Repeat activity 1 ADA with between arms
Dose Comparative Toxicity US-Epogen/Procrit 150, 450, 1500/900 with US- US-Epogen
Study Followed by a 4-Week Epogen
Recovery Period in Sprague-
Dawley Rats
Study 60486: “Epoetin “Epoetin Hospira” 150, 450, 1500/900
Hospira™ A 13-Week T PD | Exposure No difference
Intravenous Repeat Dose activity with between arms
Comparative Toxicity Study US-Epogen/Procrit 150, 450, 1500/900 for both “Epoetin
Followed by a 4-Week test Hospira”™*
Recovery Period in Beagle articles
Dogs

PD: pharmacodynamics; PK: toxicokinetics; ADA: anti-drug antibodies
* = within the range of individual animal variability
** = examples of toxicities include multi-organ inflammation, hemorrhage, and necrosis
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Single-Dose: EPOE-12-02 (SC)
PK and PD Similarity were Met

: 1.09 (1.01, 1.18)
— Cmax - /
: 1.06 (1.01, 1.11)
PK-H{ Aucer{ = \/
1.03 (0.97, 1.09)
— AUCO-inf- = \/
1.02 (0.99, 1.05)
%Ret Emax- — \/
PD -|: 1.01 (0.98, 1.05)
% Ret AUEC- —a— \/

075 080 085 090 095 100 105 110 115 120 1.5

Geometric Mean Ratio "Epoetin Hospira"
(90% confidence interval) US - Epogen

Cmax: maximum concentration
AUC: area under curve

Emax: maximum effect

AUEC: area under effect curve
%Ret: reticulocyte count as a percentage of erythrocytes 30



Multiple-Dose: EPOE-14-01 (SC)
PK and PD Similarity were Met

0.94 (0.84, 1.05)

Cmax- =
PK ~|: 0.97 (0.90, 1.06)

AUCo-T- ]

: 1.00 (0.99, 1.02)
Hb Emax- -

PD ~|: 1.00 (0.99, 1.02)
Hb AUECo-T- il

075 080 085 090 095 100 105 110 115 120 125

NRNENEN

Geometric Mean Ratio "Epoetin Hospira"
(90% confidence interval) US - Epogen

Cmax: maximum concentration
AUC: area under curve

Emax: maximum effect

AUEC: area under effect curve
Hb: hemoglobin level 31



Clinical Pharmacology Summary

e The PK and PD study results support a
demonstration of no clinically meaningful
differences between “Epoetin Hospira” and US-
licensed Epogen.

e The PK and PD study results add to the totality
of the evidence to support a demonstration of
biosimilarity between “Epoetin Hospira” and
US-licensed Epogen.
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Clinical Efficacy

Lola Luo, PhD

Clinical Statistical Reviewer
Division of Oncology and Hematology
Office of Biostatistics
U.S. Food and Drug Administration
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Comparative Clinical Studies

FDA

Study ID Design Route Number Subjects Dose Schedule Primary Endpoint
EPOE-12-02 Cross-over Subcutaneous 81 Healthy subjects [ 100 U/kg Single dose PK a.nd PD similarity
(reticulocyte count)
. 3 times / week PD similarity
EPOE-14-01 Parallel Subcutaneous 129 Healthy subjects [ 100 U/kg for 4 weeks (Hb)
EPOE-10-13 Parallel Subcutaneous 246 Patients with CKD Variable 1-3 times / Mean weekly Hb
on HD week Mean weekly dose
EPOE-10-01 Parallel Intravenous 612 Patients with CKD Variable 1-3 times / Mean weekly Hb
on HD week Mean weekly dose

CKD: chronic kidney disease
PK: pharmacokinetics

PD: pharmacodynamics

Hb: hemoglobin

HD: hemodialysis
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Good Clinical Practice Compliance

Study Site Closures

 EPOE-10-13 (SC)

— 3 sites closed during
conduct of the study

— No additional sites
identified in post-study
GCP assessment

— 10% (53/556) patients
enrolled

— 8% (20/246) patients in
ITT population

GCP: Good Clinical Practice, ITT: intent to treat
SC: subcutaneous, IV: intravenous

e EPOE-10-01 (IV)

— 7 sites closed during
conduct of the study

— 2 additional sites
identified in post-study
GCP assessment

— 14% (140/1017) patients
enrolled

— 11% (65/612) patients in
ITT population
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Statistical Analysis Plan (SAP)

e Co-Primary Endpoints for the Comparative Clinical Studies:

— Mean weekly hemoglobin (Hb) level during the last 4 weeks of the
double-blind Maintenance Period.

— Mean weekly dose per kg body weight during the last 4 weeks of the
double-blind Maintenance Period.

e Equivalence Margin
— Hb: +0.5g/dL
— Dose: 45 U/kg/week

e Randomization:
— 1:1 ratio
— Double blind
— Stratification by the titration period study drug dose (EPOE-10-13 only)
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Sample Size Planned

Equivalence Predicted | Planned
Parameter Power Margin SD % Missing N
EPOE-10-13 (SC) | Hb (g/dL) 90% + 0.5 0.94 35% 288
Dose 90%
+
(U/kg/week) £45 78
EPOE-10-01 (IV) | Hb (g/dL) 90% +0.5 1.37 30% 564
Dose 90% +45 118.11
(U/kg/week) ° B '

Hb: hemoglobin; SC: subcutaneous; IV: intravenous
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Statistical Methods

Analysis Description Clinical Study “Epoetin | US-Epogen
Population Hospira” /Procrit
Intent-to- All randomized subjects EPOE-10-13 (SC) 124 122
treat (ITT)

EPOE-10-01 (IV) 306 306
Good Clinical | ITT population excluding EPOE-10-13 (SC) 112 114
Practice subjects from the closed sites
(GCP) EPOE-10-01 (IV) 2683 279

e A hierarchical testing procedure is used for the co-primary
endpoints (mean Hb level - mean weekly dose/kg)

e An analysis of covariance (ANCOVA):
— Treatment as the factor

— Baseline value (Hb or dose) as covariate .




Co-primary Endpoint: Difference in
Mean Weekly Hemoglobin

EPOE-10-13 (subcutaneous)

0.04 (-0.13, 0.21)

ITT - = \/
0.04 (-0.13, 0.22)
GCP | g = g \/
050 025 000 025 050

EPOE-10-01 (intravenous)
' -0.12 (-0.22,-0.01)

Ty —— Vv
-0.11 (-0.22, 0.01)
GCP - = : /

050 025 0.00 0.95 0.50

Difference, in g/dL
ITT: intent-to-treat (90% confidence interval)

GCP: Good Clinical Practice 39

("Epoetin Hospira" - LIS-Epogen)



Co-primary Endpoint: Difference
in Mean Weekly Dose

EPOE-10-13 (subcutaneous)

5 2.3 (-125,7.9)
ITT - = \/
0.8 (-8.9,10.4)
GCP = : \/
0 45 W0 450 5 W B 60

EPOE-10-01 (intravenous)

; 04 (-8.7,9.4)
ITT - —a— \/
§ 0.3 (-9.0, 9.6)
80 -5 30 -5 0 15 30 45 50

Difference, in U/kg/week (
ITT: intent-to-treat (90% confidence interval)
GCP: Good Clinical Practice 40

"Epoetin Hospira" - US-Epogen)



Efficacy Conclusions

 The 90% Cls for the difference between “Epoetin
Hospira” and US-licensed Epogen/Procrit for both
primary endpoints are within the equivalence margins
for both EPOE-10-13 and EPOE-10-01 studies.

e These results were consistent between different
sensitivity analyses and subgroups.

 These data support a demonstration of no clinically
meaningful differences between “Epoetin Hospira” and
US-licensed Epogen/Procrit.
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Safety analysis
EPOE-10-13 (SC) — maintenance period

FDA

Original Analysis

Closed Sites Excluded

Death

“Epoetin US-Epogen/ “Epoetin US-Epogen/

Hospira” Procrit Hospira” Procrit

N =122 N=122 N =110 N=114

n (%) n (%) n (%) n (%)

Subjects Reporting at Least One TEAE 85 (70) 86 (71) 79 (72) 79 (69)
Subjects Reporting at Least One Serious 23 (19) 33 (27) 19 (17) 29 (25)
TEAE
Subjects Discontinuing Study Drug due to
AL 4(3) 4(3) 4(4) 4(4)
Subjects Reporting an TEAE Resulting in 3(3) 2(2) 3(3) 2(2)

SC: subcutaneous
TEAE: treatment-emergent adverse event
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Safety analysis
EPOE-10-01 (IV)

Original Analysis

Closed Sites Excluded

“Epoetin US-Epogen/ “Epoetin US-Epogen/

Hospira” Procrit Hospira” Procrit

N =301 N =304 N =264 N =277

n (%) n (%) n (%) n (%)

SUbjECtS Reporting at Least One TEAE 232 (77) 229 (75) 207 (78) 210 (76)
?léijEects Reporting at Least One Serious 75 (25) 82 (27) 64 (24) 77 (28)
Subjects Discontinuing Study Drug due to 9 (3) 11 (4) 9 (3) 11 (4)
a TEAE
SDt;k;Jtehcts Reporting an TEAE Resulting in 5(2) 6(2) 3(1) 6(2)

IV: intravenous
TEAE: treatment-emergent adverse event
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Additional Safety Findings

 Major events of interest (myocardial infarction,
stroke, and thromboembolism) were observed
in both arms with no imbalances.

* No cases of pure red cell aplasia (PRCA) were
observed in these clinical studies.
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Safety Conclusions

e Safety monitoring in clinical studies was
adequate.

* No imbalances in safety profiles between
patients who received “Epoetin Hospira” vs. US-
licensed Epogen/Procrit.

e Sensitivity analysis excluding non-GCP
compliant sites did not change the overall
results.
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FDA
Extrapolation Across Indications .

Proposed indications are the same as US-licensed Epogen/Procrit:

— For the treatment of anemia due to chronic kidney disease (CKD),
including patients on dialysis and not on dialysis to decrease the need
for red blood cell (RBC) transfusion

— For the treatment of anemia due to zidovudine administered at <4200
mg/week in HIV-infected patients with endogenous serum
erythropoietin levels of < 500 mUnits/mL

— For the treatment of anemia in patients with non-myeloid malignancies
where anemia is due to the effect of concomitant myelosuppressive
chemotherapy, and upon initiation, there is a minimum of two additional
months of planned chemotherapy

— To reduce the need for allogeneic RBC transfusions among patients with
perioperative hemoglobin > 10 to < 13 g/dL who are at high risk for
perioperative blood loss from elective, noncardiac, nonvascular surgery
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Support for Extrapolation

e Mechanism of action is the same across
indications
e Similarity has been demonstrated with regard
to:
— Analytical attributes
— Pharmacokinetics/pharmacodynamics
— Immunogenicity
— Efficacy and safety

48



Overall Summary of
FDA Findings



Biosimilarity

* Highly similar to reference product,
notwithstanding minor differences in clinically
inactive components, and

* No clinically meaningful differences in safety,
purity, and potency
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Summary of FDA Findings

e Totality of analytical data, based on multiple
orthogonal physicochemical and functiona
methods, support a demonstration of highly similar
notwithstanding minor differences in clinically
Inactive components.

e Clinical data, including pharmacokinetics,
pharmacodynamics, efficacy, safety, and
Immunogenicity data support a demonstration that
there are no clinically meaningful differences.

e Residual uncertainties (differences in glycosylation
and trisulfide species) were adequately addressed
by other data, including clinical data.
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Overall Conclusion

e Totality of the evidence supports a
demonstration of biosimilarity between
“Epoetin Hospira” and US-licensed
Epogen/Procrit.

e Extrapolation to all indications for “Epoetin
Hospira” is supported by demonstration of
biosimilarity and, among other information, the
scientific understanding of the mechanism of
action across indications.
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